Aim There is no consensus as to which ileoanal pouch design provides better outcomes after restorative proctocolectomy. This study compares different pouch designs.
Introduction
Restorative proctocolectomy was first reported by Parks and Nicholls [1] in 1978, who constructed a three-loop reservoir or S pouch. Due to the presence of an ileal segment distal to the pouch, which acted as an impedance to outflow, the S pouch was associated with a significantly greater need for pouch intubation to facilitate emptying and soon fell out of favour. Subsequently, Utsunomiya et al. [2] described a two-loop reservoir in 1980, the J pouch, which was directly joined to the anal canal without any intervening ileum, allowing spontaneous evacuation. In 1985 Nicholls and Pezim [3] developed a four-loop W pouch with the intention of achieving increased reservoir volume and therefore decreased frequency of defaecation compared with the J pouch, and did not require intubation as with the S pouch [4] . Other pouch configurations developed, included the H reservoir described by Fonkalsrud [5] and the Kock or K pouch used with ileoanal anastomosis [6] .
In parallel with the above developments, surgical stapling devices introduced in the early 1980s for coloanal anastomosis were applied to the ileal pouch-anal anastomosis and the construction of the J pouch. Currently, the two-loop or J reservoir has become the most widely used reservoir because of its simple design and ease of construction by linear stapling in preference to the S and W pouches which require a more time-consuming hand-sewn construction. Nevertheless, important concerns have been raised regarding long-term function of the J pouch compared with other designs. The purpose of the present study was to perform a systematic review of the literature and employ meta-analytical techniques to compare the adverse events and function between the different reservoir designs used in restorative proctocolectomy.
Method Search strategy
This systematic review and meta-analysis was performed in accordance with guidelines from the Meta-analysis of Observational Studies in Epidemiology group [7] and the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) group [8] , and a review protocol was followed. A comprehensive literature search was performed of the following databases: MEDLINE, Embase, Science Citation Index Expanded and Cochrane Central Register of Controlled Trials (CENTRAL) in the Cochrane Library. The detailed search strategy is provided in Table S1 . No restrictions were made based on language, publication year or publication status, and the latest date for this search was 3 January 2017.
Inclusion and exclusion criteria
Randomized controlled trials and comparative studies, performed prospectively or retrospectively, were considered for this meta-analysis if they met the following criteria: 1 compared J vs W, J vs S, J vs K, W vs S, W vs K or S vs K ileoanal pouch designs after restorative proctocolectomy; 2 reported clearly on at least one of the end-points of interest mentioned below. 3 If two studies by the same institution reported the same end-point of interest, only the most recent publication was included in the analysis, unless the studies were mutually exclusive or the end-point was measured at different time intervals.
Data extraction
Two reviewers (CS and TA) extracted data independently from the included studies as follows: first author, year of publication, year of pouch formation, trial centre, country, inclusion and exclusion criteria, study design, sample size, participant characteristics (age at operation, gender, matching criteria), pouch design, period of follow-up, adverse outcomes and function. The risk of bias of the included studies was assessed based on the following bias risk domains: allocation sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessors, incomplete outcome data, selective outcome reporting and vested interest bias [9] . For each of these risk domains of bias, the studies were categorized as low risk, uncertain risk and high risk of bias.
End-points of interest and definitions
The following end-points and definitions were used in this analysis: 1 Pouch-related adverse events included anastomotic dehiscence/leakage, anastomotic stricture, wound infection, pelvic sepsis, pouch-related fistula (pouchvaginal, pouch-perineal and pouch-cutaneous), small bowel obstruction, pouch ischaemia, haemorrhage, sexual dysfunction and pouchitis (based on histological, endoscopic or clinical diagnosis). 2 Reoperation was defined as an unplanned or emergency operation due to an adverse event. 3 Pouch failure was defined as ileal pouch excision, or as the need for a permanent or indefinite diversion ileostomy. 4 Function included frequency of defaecation per 24 h, diurnal stool frequency, nocturnal stool frequency, diurnal stool seepage, nocturnal stool seepage, pad usage per 24 h, daytime pad usage, night-time pad usage, urgency of defaecation, incontinence, the need for antidiarrhoeal medication, the need to intubate the pouch and maximum pouch volume.
Statistical analysis
Statistical analysis of dichotomous variables was performed using the odds ratio as the summary statistic, and continuous variables were analysed using the mean difference as the summary statistic. The random effects model was used [10, 11] . Between-study heterogeneity was assessed using the v 2 test and was quantified by means of (n = 640), Embase (n = 258), MEDLINE (n = 870) and CENTRAL (n = 90). A further four studies were identified from the references of these studies. The duplicates between databases were 287 and were excluded. A further 1452 clearly irrelevant references were excluded through screening titles and reading abstracts. The 123 remaining studies were investigated in full text detail and a further 93 studies were excluded. Among these excluded studies, four were excluded because of duplication of all the reported outcomes of interest in other publications from the same institution [13] [14] [15] [16] . Figure 1 shows the study flow diagram. Thirty comparative studies fulfilled the inclusion criteria of this meta-analysis and included six randomized controlled trials [17] [18] [19] [20] [21] [22] , seven prospective non-randomized studies [3, [23] [24] [25] [26] [27] [28] and 17 retrospective non-randomized studies [6, [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] . There were 4098 patients for analysis including 2038 patients who had a J pouch, 806 a W pouch, 775 an S pouch and 479 a K pouch. The reported mean age of the patients at the time of the operation ranged from 30 to 43.2 years and the reported mean duration of postoperative follow-up ranged from 4.5 to 132 months. Fourteen studies [6, [18] [19] [20] 22, 23, 28, 29, 33, 34, 39, 40, 42, 43] contained groups that were matched for age at operation, 15 [3, 6, [18] [19] [20] 22, 23, 28, 29, 33, 34, 39, [42] [43] [44] for gender, 15 [3, [17] [18] [19] [21] [22] [23] [27] [28] [29] 32, 33, 40, 43, 44] [3, 6, [17] [18] [19] [20] [21] [22] [24] [25] [26] [27] [28] 32, 34, 37, 39, 40, 43] for the method of pouch-anal anastomosis construction (i.e. hand-sewn or stapled) and four [17, 21, 26, 34] were matched for the period of follow-up. The characteristics of the included studies are shown in Table 1 . The risk of bias in the included studies is summarized in Fig. 2 and the risk of bias for each included study is shown in Figure S1 . Table 2 shows the comparisons between the different pouch designs regarding pouch-related adverse events. Pouch failure occurred in 9.4% of patients overall. The W ileoanal pouch design was found proportionally to have significantly fewer cases of pouch failure compared with the J design (P < 0.01) and the S design (P < 0.01). The K pouch had significantly fewer cases of pouch failure compared with the J pouch (P = 0.05) and the S pouch (P < 0.01). The overall incidence of pouchitis was 25.8% with no significant difference between the different pouch designs.
Pouch-related adverse events
The overall reoperation rate was 37.6% and small bowel obstruction occurred in 17.9%. The J pouch design was associated with significantly more reoperations compared with the K pouch (P = 0.03). There was no significant difference in reoperation rates or small bowel obstruction between the other pouch designs. The overall anastomotic dehiscence or leakage rate was 5.1% and pelvic sepsis occurred in 9.7% of the patients. There were no significant differences between the different pouch designs with regard to anastomotic dehiscence or leakage, pelvic sepsis, anastomotic stricture, wound infection, pouch fistula, pouch ischaemia, perioperative haemorrhage and sexual dysfunction. There was no significant heterogeneity between studies regarding adverse events, except for reoperation (S vs J, P < 0.01). Table 1 Characteristics of included studies. Function Table 3 shows the comparisons between the different pouch designs regarding functional outcome. The J pouch was associated with a significantly smaller maximum pouch volume compared with the W pouch (P = 0.05) and the K pouch (P < 0.01). The frequency of defaecation per 24 h was significantly higher following J pouch construction than either a W (P = 0.02), S (P < 0.01) or a K construction (P = 0.03). Patients with a J pouch opened their bowels significantly more often during the daytime compared with patients with a W (P < 0.01) or an S pouch (P < 0.01). The K pouch resulted in significantly decreased nocturnal stool frequency compared with either an S (P < 0.01) or a J reservoir (P < 0.01), although these results were based on only one study. Significantly more patients with a J pouch reported seepage during the daytime compared with patients with a K design (P = 0.03). There was no significant difference in the reported nocturnal seepage between the different designs. The use of pads during the day and night was significantly greater amongst patients with a J pouch compared with an S pouch (daytime P < 0.01; night-time P = 0.05) and a K pouch (daytime P = 0.02; night-time P < 0.01). There were no significant differences in seepage or incontinence rates between J and W, S and W, and S and J.
Significantly more patients with a J pouch reported urgency compared to patients with a K pouch (P = 0.02). The use of antidiarrhoeal medication was more common after a J reservoir than a W reservoir (P < 0.01). There was no difference in antidiarrhoeal medication between the S and W reservoirs, S and J, K and J, and S and K reservoirs. Difficulty in pouch evacuation requiring the need for intubation was significantly more likely with an S pouch compared with either a W (P < 0.01) or a J pouch (P = 0.02).
Regarding function, significant heterogeneity between studies was identified as follows: maximum pouch volume (J vs W, P = 0.04), stool frequency per 24 h (J vs W, P = 0.04; S vs W, P < 0.01), nocturnal stool frequency (J vs W, P < 0.01; S vs W, P < 0.01; S vs J, P < 0.01), diurnal seepage (J vs W, P = 0.05), incontinence (J vs W, P = 0.05), antidiarrhoeal medication (S vs J, P = 0.03) and pouch intubation (S vs J, P = 0.01).
Sensitivity analysis
Sensitivity analysis reporting only on the six randomized controlled trials included in this review [17] [18] [19] [20] [21] [22] found no significant differences between the different pouch designs with regard to anastomotic leak, anastomotic stricture, wound infection, pelvic sepsis, pouch fistula, small bowel obstruction, pouch ischaemia, haemorrhage, reoperation, pouchitis, pouch failure, daytime stool frequency, night-time stool frequency, night-time seepage, pad usage over 24 h, pad usage during the night, urgency, incontinence and use of antidiarrhoeal medication. The maximum pouch volume was found to be significantly greater with the K pouch compared to the J pouch (P < 0.01). Stool frequency over 24 h was significantly higher for the J pouch compared to the K pouch (P = 0.03). Table S2 shows the results of the sensitivity analysis of randomized controlled trials. Sensitivity analysis including the 11 studies published from 2000 onwards [20, 22, 29, 33, 36, 37, 39, [41] [42] [43] [44] found no significant differences between the different pouch designs with regard to anastomotic leak, anastomotic stricture, wound infection, pouch fistula, haemorrhage, sexual dysfunction, pouchitis, maximum pouch volume, night-time stool frequency, night-time seepage, pad usage over 24 h and incontinence. The J pouch was found to have significantly more episodes of pelvic sepsis (P = 0.04) and small bowel obstruction (P < 0.01) compared to the S pouch. Reoperation was significantly more frequent after an S pouch compared to a W pouch (P = 0.04) and after a J pouch compared to a K pouch (P = 0.03). The W design had significantly lower incidence of pouch failure compared to the J pouch (P = 0.03) and S pouch (P < 0.01). Similarly, the K design resulted in pouch failure significantly less frequently compared to the S design (P < 0.03). Furthermore, the frequency of defaecation per 24 h was significantly higher following J pouch construction than either a W (P = 0.01) or an S construction (P < 0.01).
Patients with a J pouch opened their bowels significantly more often during the daytime compared with patients with a W (P < 0.01) or an S pouch (P < 0.01).
Significantly more patients with a J pouch reported seepage during the daytime compared to patients with a K design (P = 0.03). The use of pads during the day and night was significantly greater amongst patients with a J pouch compared with an S pouch (daytime P < 0.01; night-time P = 0.05) and a K pouch (daytime P = 0.02; night-time P < 0.01). Significantly more patients with a J pouch reported urgency compared with patients with a K pouch (P = 0.02). The use of antidiarrhoeal medication was more common after a J reservoir than a W reservoir (P = 0.05). Table S3 shows the results of the sensitivity analysis of more recent studies.
Discussion
This systematic literature review and meta-analysis included 30 comparative studies comparing J, W, S and K pouch designs. No appreciable differences in perioperative complications were identified between them. Pelvic sepsis is an important complication specific to restorative proctocolectomy usually due to a degree of breakdown of the ileal pouch-anal anastomosis in the early postoperative period. If the clinical presentation is delayed, the patient may develop fistulation into the vagina or the perineum, and such late fistulation can present months to years after the primary restorative proctocolectomy. This meta-analysis has demonstrated that the occurrence of anastomotic dehiscence, pelvic sepsis or pouch fistulation is not related to the type of reservoir. The overall pouch failure rate of 9.4% for all ileal pouch designs is comparable with other studies [27, 45, 46] , but the J and S designs resulted in more pouch failures compared to the W and K pouches. Failure is related to the duration of follow-up, being around 10% at 10 years and rising to 15% or more at 20 years [47] . Pouch failure is due to sepsis in 50%, poor function in 30% and pouchitis in 10% [41] . This study identified no difference in the propensity of any reservoir design to pouchitis or pelvic sepsis. Previous studies have demonstrated a greater risk for chronic pouchitis with a J pouch compared to an S pouch [13] . The current study, reporting on a higher number of patients, suggested a tendency towards an increased risk of pouchitis with a J pouch compared to other pouch designs (J vs K, P = 0.07; J vs W, P = 0.09; J vs S, P = 0.14), but this did not reach statistical significance during overall or sensitivity analysis. Fazio et al. [48] identified the following risk factors as independent predictors of pouch survival: patient diagnosis, prior anal pathology, abnormal anal manometry, patient comorbidity, pouch-perineal or pouch-vaginal fistula, pelvic sepsis, anastomotic stricture and separation. Fazio et al. [48] did not examine pouch design as a risk factor for pouch failure but, based on the results of this meta-analysis, pouch design appears to be a risk factor for pouch failure.
The present meta-analysis demonstrated that the S pouch is associated with an increased need to catheterize the pouch for emptying. During construction, the S pouch is connected to the anal canal after a mucosectomy by an anastomosis between a point just above the dentate line and a segment of the terminal ileum projecting distal from the reservoir a few centimetres long. The original three-loop S pouch used 25 cm of terminal ileum with a 5-cm distal conduit for the ileoanal anastomosis. The main intention of Parks and Nicholls at the time was to avoid incontinence, and to do so they favoured this form of reconstruction [1] . Although this goal was achieved, as reported in the first few publications [1, 49, 50] , the price paid was failure of spontaneous evacuation in at least half of the patients having the procedure, and the S pouch was associated with a greater requirement for anal intubation to facilitate emptying [3] . This problem was radiologically shown to be due to the presence of the ileal segment distal to the pouch, which acted as an impedance to outflow [51] . The two-loop J reservoir later described by Utsunomiya et al. [2] did not have this feature, because it was directly joined to the anal canal without any intervening ileum, resulting in spontaneous evacuation in almost all patients. The S pouch may be preferred by some surgeons because the efferent limb fits well into the anal canal and the body of the pouch lies on the levators. In addition, the S pouch may be required when the small bowel mesentery is short and the J pouch will not reach the level of the anorectal junction, even after lengthening techniques have been attempted. If an S pouch is used, however, the distal ileal segment should be kept to a minimum to reduce the need for intubation [51, 52] . The creation of a pouch allows the formation of a reservoir for stools, in order to improve function. Studies have demonstrated an inverse relationship between reservoir volumes and frequency of defaecation [3, 26, 53, 54] and indicated that pouch volume contributes to the postoperative function [21, 55, 56] . This meta-analysis found that the W and K reservoirs resulted in greater maximum pouch volume compared with the J design. The fourloop W pouch was developed with the intention of achieving increased reservoir volume and therefore decreased frequency of defaecation and improved functional outcomes [26, 54] . Despite the theoretical advantages of the W pouch, its use in clinical practice has decreased over the years, partly due to its complexity and difficulty of construction. Furthermore, patients with the more spherical K pouch have a larger pouch volume than a J pouch, with the same length of ileum [39] . This meta-analysis demonstrated that the J pouch was associated with increased frequency of defaecation both per 24 h and during daytime, increased urgency and seepage during daytime, higher use of protective pads during day and night, and increased requirements of antidiarrhoeal medication to control function. Small differences in function have an impact on the patient's quality of life, and Sunde et al. found that more patients with a J pouch reported a negative impact on their social life due to poor bowel function compared to patients with a K pouch [39] .
The J design is the most commonly used in clinical practice because of comparable complication rates and due to its greater ease of construction by stapling in preference to the S, W or K pouches which require a more time-consuming and complex hand-sewn construction [20] . This is offset by a potential cost to the patient of poorer function. Pouch volume is directly related to the length of ileum used for the pouch limbs, and a greater length of bowel can be used to achieve a larger volume with a J pouch, in order to improve function. There is a period of ileal adaptation and increased compliance of about 2 years after J pouch construction, during which the volume of the pouch increases and the frequency of defaecation reduces [49, [56] [57] [58] . McCormick et al. [20] suggested that the theoretical functional advantage conferred on the W pouch by its [56, 57, [59] [60] [61] .
The year of publication of the included studies ranged from 1985 to 2016 and there have been many advances in surgical techniques and medical treatments during this period. Nevertheless, sensitivity analysis of more recent studies, published from 2000 onwards, demonstrated similar results to the overall analysis. Moreover, from the 30 comparative studies included in this meta-analysis six were randomized controlled trials, and the others were non-randomized (7 prospective and 17 retrospective) with their inherent biases due to non-randomization, the most important of which is selection bias. Meta-analysis of non-randomized studies is useful in the absence of randomized controlled trials, and together with identifying the source of heterogeneity between the included studies it may guide researchers towards properly informed randomization in future studies. Sensitivity analysis of randomized controlled trials was restricted by the small number of included studies and did not identify statistical significance for most of the outcomes of interest except for maximum pouch volume (J vs K) and stool frequency over 24 h (J vs K). When the quality of the studies was assessed, most scored low in blinding of participants and personnel and blinding of the assessors of the outcome. While the surgeons who perform the surgery cannot be blinded, it is possible to blind the patients and healthcare providers who are involved in the day-to-day postoperative management and assess the postoperative outcome of surgery. Moreover, heterogeneity was identified between studies regarding some outcomes of interest, especially function. The random effects meta-analytical model was chosen for the interpretation of the results as it provides more conservative values with wider confidence intervals. It assumes that there is a variation between studies due to heterogeneity and makes adjustments to the study weighting according to the extent of heterogeneity [10, 11] .
Possible causes of heterogeneity are trial design and methodology, including methods of assessing function and the duration of follow-up, and patient selection criteria. Fazio et al. [48] demonstrated that the underlying diagnosis is one of the most important risk factors for pouch failure, with this occurring in descending order in Crohn's disease, indeterminate colitis, ulcerative colitis and familial adenomatous polyposis. In this review 15 studies matched their participants for the underlying disease requiring restorative proctocolectomy. Furthermore, a defunctioning loop ileostomy decreases the clinical consequences of a possible anastomotic leakage with septic complications and associated poor function. In this review 21 studies matched their patients for proximal diversion with loop ileostomy. Moreover, a previous meta-analysis comparing hand-sewn with stapled ileal pouchcanal anastomosis found no significant difference in the incidence of postoperative complications, frequency of defaecation and use of antidiarrhoeal medication. Nocturnal seepage and pad usage rates were higher, however, with hand-sewn ileal pouch-anal anastomosis compared with stapled [62] . In this meta-analysis 19 studies matched their participants for the method of pouch-anal anastomosis construction. Another possible source of bias when assessing pouch function is the place of origin, as diet may influence pouch functional results, and if a specific pouch design was mainly done in a specific country, with a specific diet and fibre intake, it would affect the functional results of the study.
The complexity of restorative proctocolectomy requires experienced surgeons and a specialized unit with a multidisciplinary team. A potential source of heterogeneity between studies is the expertise of the hospital and of the surgeon performing the pouch. In this meta-analysis, 71% of the K pouches were reported from the group at Gothenburg, Sweden, and 47% of the W pouches were reported from St Mark's Hospital, UK. It is possible that the greater experience in these units may be one reason why these forms of pouch achieved better results than the J pouch. Nevertheless, since 50% of failures are due to sepsis and since there is no apparent difference in the incidence of perioperative complications according to the pouch design, perhaps this is not a factor. This study has demonstrated that the J pouch may not be the best option for all patients despite its ease of construction, and patient characteristics, technical factors and surgical expertise should be taken into consideration before constructing a pouch. Table S1 . Detailed search strategy. Table S2 . Sensitivity analysis of randomised controlled trials. Table S3 . Sensitivity analysis of more recent studies (published from 2000 onwards). Figure S1 . Risk of bias summary.
